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FINAL REPORT 

EDUCATIONAL MODULES FOR MATERIALS SCIENCE AND ENGINEERING v 

' SED-7714149 J^~*/~/5W? 
i December 1977 - 3C November 1983 



This is the final report on the above referenced grant. All funds have 
been ased up ^during the no-cost extension period. 0 

In this report we have updated our submission of May 1983 making it com- 
plete with respect to modules prepared and in the pipeline. We submit only a 
sample pf modules, newsletters and brochures, and stand ready to submit one or 
two complete sets (3 feet of shelf spade) for NSF files if they are desired. x 

The module production and publication via JME will of course continue, <- 
although no novel" developments can be undertaken. . By combining subscription 
income with support from NSF and other 'government agencies who support con- 
ferences and some support, from industry; the excellent start made under NSF-SED 
sponsorship will be continued. ; - 
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The EMMSE Project has been funded by NSF through the completion of Phases 1 and 2 
of a planned 3rphase project. We have successfully launched an integrated system to 
continuously make and disseminata modular educational material in the materials science 
aftd engineering (MSE) discipline. Thus there will be a permanent impact on the field. 

The most successful aspects of our work are as follows: 



a. 



The degree of socialization of the national and international MSE community to 
help produce and use the materials produced (the latter is still slow, but the 
natural time constant of the process is- about 26 ySars) . 

Development of the first working model of what may well prove to be a truly 
'revolutionary 1 , method for dissemination of teaching materials via a hybrid * x 
Journal-Textbook with on-site, on-demand free reproduction. t 

i 

The development of two routes to production of module^ . 

(i) A pre-designed cluster of 6-12 c modules in one area via a one-week workshop; 
(ii) A set of magisterial pedagogical reviews by leading authorities of the 
major advances in the field. , / 



With respect to usage of the system we know that this foliqws the typical S-curve 1 
apd we have now started bn the steep increase part. While we have no way by\which to 
quantify numbers of local users of individual modules we note that- our crystallography 
mqdules sell about 10,000 units a year, the 'polymer experiments cluster have, in a year, 
started to sell a.hput 300/yr . We have some 300 subscriptions (with only 110 departments 
of MSE in the U.ST 5 that's phenomenal) . With respect to quality of authors we submit as 
evidence the names of thfe authors of our Frontiers of Materials Science annual cluster 
(see Modules 217-220, p. 32). 
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ACHIEVEMENTS OF THE PROJECT TO DATE 

In this . section we present the work which has been completed to 
date in Phases I and It and indicate approximately the progress which 
will have been made by the time for renewal of the grant/ i.e., the 

beginning of Phase III. 

. __.*. ... . _ _ * 

The National Advisory Committee's self evaluation is that we have 
made very good progress. The exceedingly complex task of welding the 
community ^together and building a total system has gone very: iwetl 
indeed. Module production and dissemination are now at a steady state 
as a result of the emergence of the Journal concept for distribution and 
the workshopxjnode for developing modules. The latter has resulted in a 
modification of the infrastructure of EMMSE which we believe, will prove 
to be a positive step for the project in Phase ill. (The system vith 
proposed revisions is outlined in Appendix I..) 

1 Socialization of the Community 

1.1 Consciousness R aising arid Constituency Development 
,It is clear that the first step in developing a total' EMMSE system 
had ; to be the establishment of a broad base of understanding and support 
within the community. The Principal Investigator (PI) and many members 
of the NAC have spent a considerable amount of personal effort working 
oh this aspect; We believe we have been rather successful. A national 
advisory committee, a module development subcommittee and several task 
forces are fully functional. We have the enthusiastic support of major 
industry, as most convincingly demonstrated by the calibre of manpower 
donated to the project. . We have made EMMSE widely known through the 
different subsets. of the MSE community and have stair ted to eliminate the 
natural resistance 1 and suspicions of some faculty both to considering 
hovel teaching modes and to the particular systematic approach. % We have 
established an excellent base throughout some dozens of universities, 
involving their faculty on various eotranittses and task forces, and in 
utilization of the .modules. Moreover, this degree of acceptance has 
been reached in ah emerging syncretic discipline, without simple 
coraradnication chahhels'^Snd with considerable heterogeneity with respect 
to style, degree of professional society development, etc. within the* 
subf ields. The means for achieving this have been manifold, and each is 

treated in the following paragraphs^ _J 

3.1.1.1 The Nat ibna IV Advisory Committee 

The first step in the consciousness raising efforts and 
constituency development of EMMSE was taken via the formation and 
activity of the National Advisory Committee. In the selection of, the 



Committee, special attention was given tb make it representative in 
every possible way • In addition to broad geographical represeiiit^tion, 
J care was taken to have the* membership of the Committee be representative 
of the following: - 

(a) Both science and engineering of materials, 

(b) Large and small universities and colleges, 

(c) Professional societies in the field, 

(d) Materials oriented industries, — 

(e) The major materials classes (ntetals, ceramics, polymers, 
wood, semiconductors) , * ' 

(f ) The Depth Committee (Heads of Materials Departments* 
4 ^ across the country), and 

(g) Closely related disciplines (physic^, chemistry, etc.). 
It was expected that, with this plan of organization, information about 
the- development and achievements of EMMSE would be channeled out tb 
different segments of the whole materials community through each 
member's personal linkages. We recognize I that the kinetics of such 
information, diffusion is slow, but we know that EMMSE is now familiar to 
a large number of people in the MSE community both in the U*£. and 
abroad. *i 

* __ __ _ _ VN 

A distinguished group of leaders of the MSE community are serving 

oh the National Advisory committee (see Appendix II) f . As noted above, 

the co opposition of the NAC is intended to provide representation for a 

wide- variety of constituents. By comparison with our stated intent,- it 

will he seen that the following categories are represented in the 

current ^membership: ; \ - 

Materials scientists^ and engineers representing the fields of 

meta£)3, ceramics , polymers> wood, semiconductors'* 

Heads • of materials-oriented departments 

Professional societies, such as: 

j - < Federation of Materials Societies 7 

/ ; Materials Research Society 

^ American Society for Metals L - 

Industrial research laboratories and. training centers 

Representatives of related fields and smaller departments 

A plan of rotation has fceen devised so that about three new persons will 

• come on to the committee each year, increasing the participation as much 

as possible without sacrificing the advantage of continuity. Professor 

Charles Wert of the University of Illinois at Urbana, widely known and 

respected in the materials field, serves as Chairman. 

The full Committee convenes twice a year and the meetings are 

interspersed by two meetings of the Executive Committee composed of the 
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project directors , the chairpersons of subcommittees and two members at 
large. - • > 

The function of the EMMSE National Advisory Committee, due to the 
nature of the field,/ is necessarily somewhat different from .some other 
groups in traditional disciplines. The NAG spends more of its time and 
effort on Community building" and somewhat less on day-to-day project 
matters. As will be seen later, this forms a good division of labor 
between the NAC -and thd subcommittees et al. 

1.1.2 Liaison to Depth Committee , Federation of Materials 
Societies and . Individual Professional Societies 

Although MSE includes parts of several formal disciplines such as 
physics, ^ electrical engineering, geosciences, etc., the faculty of jbhe 
formal Materials Science and Engineering departments form a resource- 
core. A special effort has been made, therefore, to establish liaison - 
without expecting endorsement at this st^ge with a continuing 
committee of department- heads called the •'Depth Committee. n Since 
Professors Wert and Verink of our Natidftai Advisory Committee are both 
past chairmen of the group, we are confident that the communication 
channels are well established, and we expect increasingly active support 
as the project develops* The department heads may be able to help in 
'supporting their' faculty to write modules, but their most important help 

may come as they encourage the use of EMMSE products in their respective 

■ $_ ■ _. _ 

„ departments and join the EMMSE consortium by subscribing to JEMMSE and 
by designating a faculty contact person. 

In a similar vein EMMSE has opened qhannels of communication, to 
various materials societies^ One of ^ these, so far, the American Society 
for Metals has had a member oh t^e NAC for years. Recently we have been 
working more intimately with the Federation of Materials Societies (FMS) 
with the possibility that EMMSE will become a major focus of the 
educational activities of > the Education Subcommittee of the FMS* 

Occasional Newsletters and news articles in society magazines have 
been the principal j^ahs used to communicate directly with individual 
members of the MSE" community. We have an organized mailing list of 
3,000 MSE personnel. News releases and articles have been published in 
ail the major* news journals of the pertinent professional societies such 
as Chemical and Engineering News, Physics Today, etc. 

In addition' to news articles , and newsletters, -^thousands of 
promotional folders about EMMSE products have been distributed. This 
has resulted in sales jof mprdules, especially the Crystallography Set, 
and in subscriptions- to the Journal of Educational Modules for Materials 
Science and Engineering. 
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2 Module Preparation 

'The" first logical major step was to proceed with preparing what the 
National; Advisory Committee hoped would be "prototype" modules to serye 
as models of examples to the wider authorship* This process and its 
products constitute ,the heart of the project in .some ways. The 
historical sequence has raised and brought .into focus many key,: issues 
for any DISE project. 

2.1 Length/ Level and Content v 
' During the. 'first two years of the project we could not physically 
put in the hand of aij. inquirer an example of a print module in the 
physical sciences/engineering. During this period, the staff and the 
National Advisory Committee debated periodically the major, aspects which 
describe a module. It is important to note historically that, in the 
first year of the project, the specifications placed on such a model 
vrere rather tight, but th^tt with time they were relaxed in nearly all 
directions by the NAC. We report this loiter- thinking on the main 
descriptions of a module. ' < 

' First, with respect to length . At a meeting catalyzed by EMMSE 
which brought together over a half-dozen NSP-funded groups . at "1401 
-Wilson Blvd." in Arlington, VA, it was agreed that the Word "mpdule" 
itself did not specify length, and that a prefix or suffix explicitly 
designating length would be valuable. At later meetings specific names 
^aave been applied to some standard lengths of modules. For EMMSE 
prototype modules the NAC recommended that we seek units x which would 
correspond roughly to "ohe^our of instruction time," but that we allow 
the authors to use more than one unit for a topic if they felt it was 
justified. 

— 

Second > with respect to level of presentation, it was felt that the 

prototype modules (hot the future "production" modules), could be evenly 

spread from the sophomore level through the advanced new material level 

in order to provide the maximum range of modules.. (For discussion of 

future levels, see .Section 4). 

Third, with respect to content , the decisibn was made to attempt to 

be eclectic^ and bring in -as many fields as possible at the prototype 

stage, consciously sacrificing what may have been intrinsically more 

valuable: a single set in one area. It was reasoned that in a diverse 

community the latter would have puzzled or alienated some of the 

constituency • 

2.'2 Style and Formatj-^Aathor ' s Mantital 

^ It was clear that some homogeneity would be desirable in style and 

format in module preparation, and that these would need to be 

communicated to prospective author*, of the (prototype) modules. As 



mentioned earlier, on the basis of the literature and much discussion; 
the staff prepared for NAC discussion/ review and revision a Module 
Development Manual to serve this purpose. Again/ it was the first of 
its kind to bur knowledge . ? 4 

The first draft of this Manual was reviewed by the v 60 or so persons 
who attended the .EMMSE Colloquy held at Brown university in January 
1975. ' After incorporating suggested changes, the prototype version of 
the Manual was published later that year In limited quantity and 
distributed to t£©se authors who were selected to prepare prototype 
modules, tp leaders of other modular projects, and to many interested 
persons who requested it. 

Over the next 12-18 months, as a result of feedback from many 
prospective 'authors and re-evaiuatibn by the Advisory Coramitjtee itself, 
the original manual came to be deemed too long and imposing, especially 
since it was often the first document that was received by a prospective 
author. * It has how been rewritten in a much shorter and more flexible 
form. It will • appear Mender the new title, Guidelines for Authors , and 
will be the first item made available tb the many authors." A more 
detailed "manual" will also be made available on request. The 
Guidelines will continue to be evaluated and revised as the need 
indicates * but all along we have known intuitively (more or less) that 
the prototype modules themseles would serve as the real guidelines as 
far as the authors are concemd. Indeed a comparison of the original 
"manual" and our much looser "guidelines" will show the trend of the 

• __ : \ ; ___ _^ 

committee's thinking. We have moved considerably in the direction of 
less restrictive regulations. «0ur .rationale is that no one knows at 
this stage what is best. Alo^g< with Chairman Mao we have "Let a 
thousand flowers bloom" but hot entirely without guidance. !he "manual" 
will likely be used by the secretaries and the EMMSE staff to modify 
certain submissions to make them reasonably. systems -compatible. 

2.3 Prototype Modules * ' \ 

Appendix III lists the titles of all prototype modules whigh were 
completed and distributed free of charge to the entire mailing list for 
field testing. The NAC decided that they should select all the 
pr ototype module authors on the basis of maximum competence' and tlien 
commissioned them to write a modules .Each author of ^-commi ss i oned ^ 
prototype module was paid an honorarium. As shown in Appendix III, 20 
prototype modules were written on a broad spectrum of topics. They 
included the first cluster group (a set on Crystallography) • It was the 
enormous success of this cluster that led the NAC to conclude that this 
was the route to take in the future. This decisionals confirmed by 
more recent experience • 



2.4 Other^Mdaule 3 
Subsequent to' the time of publication and distribution of the 
prot^ype modules, five Topic Area Teams (TATs j were organized for 
^mftals, ceramics, polymers, characterization, and wood, (see below j in 
order to develop and review a large number of additional modules in the 
style 4 and format which had evolved through the prototype peri6d. In 
Phase II, these other nodules hfegan to be published in the Journal of 
Educational Modules for Materials Science and Engineering. A cumulative 
index of the first two^volumes of JEMMSE is shotfn in Appendix % IVi As, 
can be seen, some^of the prototype modules were revised and republished^ 
in the Journal. ; 
^ ' gyS^ ^Tdpic Area Teams 

Orfce the production of prototype modules was launched, the EMMSE 
staff and NAC set about - the task of putting together another* element of_ . 
the developing system - the so-called Topic Area Teams (TAT ) • The 
rationale for spreading the responsibilit^aad the activity is self- 
evident. Involving a steadily increasing number of the MSE community in 
the project was envisaged from the beginning as a key to the success of 
the' system. Forming clusters around different universities is a natural 
way to share responsibility, , arid it corresponds to the existing talents 

\ _ _ _ _ _ _ •_ __• *c 

in various institutions. Bringing together subject-matter clusters 

likewise draws ' on existing centripetal forces. * All these factors 

provided the basis for the step of starting the TATs • 

It was envisaged that, to the maximum extent possible, the 

- — « - i _- - - * 

responsibilities for EMMSE be decentralized. Ori^bf the functions which 

could obviously be separated from the headquarters was the entire 

7 "editorial" process; i.ei, the subdivision of the field ''and selection' of 

priority topics, the finding arid recruitment ^f authors * and the peer 

review of content • 'The first question which arose in establishing , the 

T?ATs was, again c how the subject-matter-pie of MSE should be cut. \rhe 

NAC considered at length the' various schemes for the subdivision and, 

following the reasoning of a Janus-faced strategy/ finally decided to 

experiment with a mixture of TATs • Thus, four were chosen to corresponds 

to materials classes and to existing societies and communities: . metals, 

ceramics, polymers, wood; and one (characterization) to cut across these 

materials classes. j All other topical material that might fall between 

the cracks was explicitly assigned to the NAC itself, functioning as a 

TATi • * 

The academic component of the membership of the TATs was . * 

recommended Sy the Depth Committee with the NAC adding the other rrfembers 

to preserve balance. In order to coordinate the work of the Topic Area 

Teams and maintain liaison with the NAC, Professor Ellis -Verink, a 

y_ • 
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member of the Committee, agreed to serve as general coordinator of the 
TAT effort. 

The first assignment to each TAT was t^subdivide its ,own tSpic 
area itttb modular size units and to st&rt establishing certain 
priorities that they would wish to see in thf production of modules. 
This task was subsequently completed' and the Priority Topic List was 
^ compiled. (See below). 

In the last two years, until recently, the TATs have been pursuing 
their .other objective: seeking authors to write modules on priority 
topics and carrying the modules through the peer review stage until 
approve d^ for publication. Success was' not notable. Materials Science 
and Engineering faculty were in enormous demand in the research area and 
could not afford the t^ime. The rate of module development fell behind 
schedule. Meanwhile, two things led the NAC to begin thinking along 
different lines. One was the outstanding success of the cluster of 
crystallography modules, which underscored the value of clustering 
modules into coherent sets or minicourses. Hiq other was the success of 
the first module writers workshop on "Wood," conducted jointly by EMMSE 
and t the UiSi Forest Products Lab, which produced a cluster of nine 
modules on Wood; Its Structure- and Properties , the whole process being 
essentially completed in one week. 

2.6 Module-Writing Wbrkshops 

2.6.1 Heritage Workshops on W004 As A Material 
In August 1979, The Forest Products Laboratory at the University of 
Wisconsin sponsored a workshop for the purpose of introducing materials 
. science «..nd engineering educators 'to wood as a materials Nine modules 
were presented' by their authors and critiqued by about 35 MSE educators • • 
Constructive -criticism led to rewriting and improvement of ii\e modules 
and eventual publication in JEMMSE. A cluster of nine modules has been 
published^ and are soon to be < republished as a cluster of modtr£3§^ in a 
single volume. 

• ^ A second workshop focusing on wood as a structural material was 
held in August of 1980. The same format was followed, an5 6-8 modules 
will eventually be published in JEMMSE and reprinted as a cluster. A 
third workshop on adhesive bonding of r wood and other structural 
materials is* scheduled for August 1981. JEMMSE will publish the tgvised 

< modules and reprint* them as a clusters 

Thus, from just one workshop held on an annual basis, we have a 
steady stream of clustered modules entering the publication system. 
Moreover, but of this experience a new model for production of modules 

.^fias been bbrn and is thriving. 



2.6.2 NATO Module-Preparation Workshops 

Based on the success of the first wood workshop* funds were 
.obtained from NATO by our West European Coordinating* Committee for the 
purpose of planning and running a module production workshop. A 
modified procedure was utilized in the first NATO Workshop, held in 
September 1980. The organizers met in the spring of 1930 and selected 
five clusters of important module topics and the authors to prepare 
them. First drafts were written* circulated for critique among the 
members of- the particular cluster group of which they were a part, and 
rewritten prior to the workshop. At the workshop the papers were 
presented and critiqued. As a result five clusters with a total of 
approximately 25 mddules were prepared; The firrft of these modules will 
sbbri appear in prints Funding has been secured from NATO for a second 
workshop* to be held in 1981. Thus, another workshop model has been 
created and found to produce clusters of modules with relative ease. 

2.6.3 Future Patterns for Module-Writing Workshops 

There are three distinct types of module preparation workshops that 
are being and will be utilized by EMMSE to produce - modules: two have 
been described above, and the third is a spin-off from the .NATO 
Workshop. One particular cluster group from the NATO Workshop decided 
to get together at the annual meeting of the American Ceramic Society in 
May 1981 to continue their work in module preparation. Thus , we have 
concluded that so me form of "workshop" is the major way that bur modules 
will^ be -produced^ Not only acre modules produced relatively quickly and 
with, relative ease, they are clustered as well! 
2.7 Module Development Committee 

In 1980/ a decision was made to phase out the TATs with thanks for 

, - • -> - - - - - - ______ . . 

several- accomplishments : socializing the community, subdividing the 
field topically, and setting up procedures for obtaining modules and 
reviewing thenu The NAC decided that to take better advantage of the 
cluster concept and the workshop format for producing modules, the five 
TATs %h9uld be re-worked into a single Module Development Committee 
( MDC ) with representation from among all the materials classifications. 
Accordingly, the MDC .committee was established and held its organiza- 
tional meeting in September 1980. At that time it recommended that the 
TAT system be abandond and the new Module Development Committee replace 
it with provision for one representative each from metals, ceramics, 
polymers, wood, and electronic materials (semiconductors). (The latter 
Was added as a replacement for characterization. ) Current TAT Chairmen- 
were asked to remain on the new committee. 

It will be the assignment of MDC to build on the work of the TATs 
with special emphases , on the clustering of modules around certain 
priority topics,- and on the utilization of the workshop as a mode of 



development and production pf nodules. The MDC does not have the 
•responsibility necessarily of conducting workshops itself, but rather it 

r 4 _ 

is to seek ^appropriate opportunities (e.g., in connection with a meeting 
already scheduled by /some society or agency) when workshops can be 
conveniently held and designate those who are to organize them* Some 
funding will be provided to defray the costs of these, workshops. 

' 

3 Production and Dissemination 

t 

3. 1 Early Dissemination 

The original grant called for "automatic" dissemination of the 
modular products to the academic community and to all interested parties 
inj the not-for-profit and industrial sectors. They were also to serve 
the purpose of familiarizing the users and authors with the nature of a 
module and for testing o% each module arid the system. Hence , one copy 
of each of the prototype module's and Media Index was sent to the entire 
EMMSE mailing list of some 3,000 persons, including virtually all MSE 
faculty members in the country. Ail departments represented on , the 
Depth Committee /were advised that, as long: as supplies of the prototype 
modules lasted, they could obtain them for classes on t^e " condition that 
they offered feedback from students and the faculty member on. evaluation 
forms provided* In many „ cases, supplies were soon exhausted and 
hundreds of evaluation forms were received with valuable suggestions for 
improvements • » 

. _ 3.2 The Hybrid Journal-Textbook: JEMMSE 

As previously reported, in Phase I , (th<^ Prototype Phase), all 
materials were distributed widely without • charge. As Phase II began 
(the Proof of Concept Phase), the NAC realized that a different kind of 
dissemination must be initiated as EMMSE began to move toward a future 
stage of self-sufficiency (i.e., beyond funding). Hence? sales/income 
accounts were established:^ for the prototype modules and for a new 
vehicle of distribution which EMMSE invented - the Journal/Textbook . • 

The Journal* of Educational Modules for Materials Sdience and k 
Engineering began publication in April 1979 as a quarterly and has now 
completed two full volumes. It is expected that JEMMSE wilTl become", a 
bimonthly, perhaps fs early as 1982 and, eventually, a monthly; 

^ Each issue, in these first two years, has contained about 225-250 
pages, comprising about six modules, -an occasional article, and *some 
other editorial features .common to a "-journal. Every two or tlyree years 
the EMMSE Media Inde^ will likely appear as a supplement/ as it did^-iri 
1980. j ^ ; 

The modules published in JEMMSE are designed for a wide spectrum of ' . 
learners in both university and industry, ranging from the undergraduate 



(sophomore-senior) to the professional level* At the professional 
level, some are for graduate students and continuing education in 
industry; and some are in the nature of advanced review articles; 

T he s pecial -f e a ture of — ^EMMSE-isa^policy of — free- re pr o du c tion 
rights to all subscribers * The Journal/Textbook Has been designed as 
the most cost effective distribution rode for the new educational 

; - _ - _ _ _ __ _ _ t 

material produced, and, using the well established library distribution, 
filing, and retrieval system, it: achieves the following: 

A j method to provide appropriate professional recognition to 
authors of original and peer reviewed work oil a par with those 
of research papers; 

A properly archived. and permanently retrievable system for 
storage and use; ; 
A means to distribute a "master" from which copies can be made 
on site and bh demand with no royalty payments , hb 
transportation of. hard copy, no tedious bookkeeping 
operations, and no expensive warehousing of modules; 
This journal- concept Is the best way of meeting a major goal of EMMSE5 
providing the new modules -Conveniently and inexpensively to faculty and 
students* The subscriber can simply make the copies he or she needs • 

Numerically, EMMSE has met its targets. Our proposal for Phase II 
called for the production of some 125 modules. In fact we will have 
produced and/or modified (thru thd final review stage) some 140 modules. 
Of tfiem some 72 will have appeared in the Journal; others will be in the 
pipeline. In addition j*e will have some twenty others whicij have been 
modified after acquisition (chiefly the British Open University and the 
Stockholm Royal Institute of Technology } • > 

We projected that we wuld have approximately 100 paying 
^subscriptions at the end of Year 2. in fact we have^^268,^ a mixture of 
institutional and individual. It- should be noted that we/ decided not to 
put oh a widely-based advertising campaign designed to increase 
readership until we had the "product" well in hand. Such a campaign £s 
now being planned. Its results will be ^significant in determining our 
later pricing 'and funding strategy? ' - 

One "of the problems of which we are aware in publishing the Journal 
is the heed fco package clusters of modules as sets or mini-courses. The 
success of the mini-course bh Crystallography has demonstrated that this 
integration of modules is something that is welcomed £>y, the potential 
user', and this' has been confirmed by subsequent experience in producing 
clusters of modules on wood, etc. At this stage of jfeMMSE 1 s 
development, however, the NAC judged that it is not tactically sensible 
to devote an entire issue to one topic, since it would limit the breadth 
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of appeal to just a relatively few subscribers. The idea of publishing * 
coherent sets "as "special editions" or supplements to *the Journal is a 
tenpbrary solution to this problem which is being tested with the set of 
wood modules; These will be available to subscribers at a discount and 
will be offered to non- subscribers at a reasonable sales price. This 
violates our long-term goal of on-site on-demand printing, but it is 
probably the best cbntproniise for the next five years. 

It is also clear that the Journal concept will also go a long way 
toward establishing EMMSE as a liable system which can be self- 
sustaining when N5F funding is ho* longer available. A base of cost- 
price data is now being accumulated which will be useful in * the third 
phase of EMMSE, a time when EMMSE must begin to transform itself ir>to a 
viable self-supporting system; 

3.4 Digitization of Journal JCopy 
As a result of supplementary funding provided by the National 
Science Foundation during the latter stages of Phase II, EMMSE has been 
able to purchase., electronic equipment to format and store copy for 
J EMMSE and other print material. Prior to this special grant, EMMSE had 
experimented in t&is area by leasing word processing equipment from two 
manufacturers * of " expanded typewriter" systems. These were found to be 
inadequate ~to the task in ah overall sense. However* with that 
background, it was easier to custom-make a more sophisticated system 
using essentially off-the-shelf components of various manufacturers. 
The new system has been in use for only a limited period of time, and it 
is too early to report on its operational success. Nevertheless, the 
equipment now in use certainly enhances and extends the ability of EMMSE 
to store the data which cbr^rise^ each issue of JEMMSE, re-format it (if 
required) and make it available quickly and efficiently for use in 
unedited or edited form. It also creates the base for future 
dissemination of EOT1SE modules by floppy disc or other electronic means. 
In the near future* by connecting our appropriately formatted discs to • 
the new /digital laser-printer acquired by the University Printing 
Services, we will be Ibleto produce . an even more "professional"- looking 
Journal. j 

3^5 Di ss emi nafcion-o£-information- About EMMSE 
The primary "information product" has been the newsletter,^ 
PREVU/REVy, which has been issued occasionally ~. wide distribution has 
been achieved (between 4,000 arid 5, 000 J, especially in the first years 

when a primary contact list was being developed. Mailing lists were 

-------- $ - _ ___ _ * 

obtained £rom various sources to reach not only the core group of 
materials science and engineering but also those in areas closely 
related, such as physics, chemistry and, engineering in general. 




Quantifies of the newsletter were also distributed, at meetings of 
professional .societies* conferences and other places. 

In addition to interpreting EMMSE to its constituency and updating 
readers oh developments, PREVU/REVU has been a vehicle for experimenta- 
tion in printing costs, format, the use of camera- ready copy, and so 
forth, which has been a useful preparation f^r the publication of the 
modules. For example, the first issue of PREVU/REVU was printed for 
about $i03 a copy using regular newsprint., ' The second issue was printed 
on better quality paper and employed spot color on the cover. The cost 
of printing It was about twice as aiich as the first i^sue but stiii 
relatively .inexpensive. Format evolved over a number of issues until 
now a standard format has been reached which has been unchanged over the 
past year or so. (see Appendix VII.) 

More recently, as EMtylSE has entered a sales/income stage, with 

respect to the Journal, the Crystallography modules, et al. , numerous 

» 

special information products have gone out on behalf of these endeavors* 
These have taken the form - of flyers and folders to describe the 
products, provide price information, and so forth. These will continue, 
of course, as prices change and other changes become necessary. 

Other methods have been used to disseminate information about 
EMMSE. A National Colloquy at Brown university was held. It was 
attended by more than 60 interested persons and provided an excellent 
setting to interpret the program. Several surveys were conducted: to 
solicit information heeded by EMMSE and to offer the recipients 
information about EMMSE. Numerous news 'releases have received ' wide 
acceptance and publication by as many as a dozen journals or newsletters 
of materials related societies (e.g. , Chemical & Engineering News, 
Physics Today, The American Mineralogist, MCIC Newsletter, Science 
Trends, Materials and Resources News, etc.). Eight or ten formal 
presentations about EMMSE have been made at conferences and sqciety 
meetings, and three invited papers have been /published in such 
periodicals as Journal of College Science Teaching, Nature, and Journal 
of Educational Technology Systems. 

4 Curriculum Content and Substructure of the Field 

4. 1 , EMMSE -Matrix 
Our original proposal called for us to "Experiment with means of 
indexing This was the first intellectual task of the projects 

It became obvious early in the effort that this indexing and taxonomy 
had to be applied to existing materials already categorized by different 
systems and used by existing university structures strongly influenced 
by traditional approaches. Hence the approach to the taxonomy could not 

I* - i 

1 

o - ia • . . ', 

ERIC 



he too abstract or "f irst-principled" in its attempt to include some of 
the new holistic -concepts or in a search for coramonaiityi ; 

In ,lihe with this philosophy we spent considerable intellectual 
ef fort within the PI institution/ in the^ National Advisory committee; 
and in the national community/ developing a rational substructure of 
MSE- as a_ f i e l d u sef ul-Jqi^a^tea chinq. system based on the U.S. college 
model. .Our EMMSE matrix is an empirical**' heuristic model designed for 
this^ task, it has been circulated throughout : the materials community by 
various channels and modified through numerous cycles at group. sessions 
of the NAC, by MSE / £*gulty at a national meeting and from individuals* 
comments • It is deceptively simply; it will remain to be seen if it 
will be as useful as we think. it has generated enough interest, 
.however, to have the Office of Technology Assessment (OTA) fund us 
independently to see the relevance of this - Matrix to a National 
Materials Information System. Other groups analyzing MSE for many 
reasons have readily seized upon it as a satisfactory way of subdividing 
MSE. We continue to refine # the Matrix as a few incisive comments are 
received occasionally • However/ it appears that the basic approach has 
stood the test of time, and the pattern of indexing for all modular 
materials in" the MSE field will be based on it or a future modification 
of it. The current form of the Matrix appears' iri Appendix V. 
4.2 The Media index 
. In our original proposal it was our thesis that the use of 
innovative educational materials was limited to a large extent by the 
distribution system and by low social acceptance from the university 
teaching community • Hence wg--~~bel~iev ed t h at-- -we could obtain two 
simultaneous benefits tiy a thorough job of locating and indexing, all 
existing educational materials in print as well as various other media. 
Such an index would provide a simple means for^/any teacher wishing' to 
know what special aids were available for the particular "course" under 
preparation. And organizing the ^material' required the selection Qf a 
particular taxonomic scheme. In this case tfrp EMMSE matrix, described 
immediately above, was used. It is clear that such information was 
essential to our original Topic Area Teams' as they developed their lists 
of topics and subtopics for modules to be developed. The first version 
of the Media Index was completed and printed as one of the t EMMSE. 
prototype products. It was a major piece of work which required months 
of research, compilation, correlation, organization and editing, and we 
believe it contributed substantially to the utilization of existing 
modular aids in MSE teaching* The~ prototype version < .was distributed 
free to several thousand persons on the EMMSE mailing li.st« *" 

As part of the second phase of EMMSE (1980) , the Media Index was 
completely revised and expanded and vas distributed as a supplement of 
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JEMMSE to subscribers of record*' It is also available for sale 

; * \ _. : * ' • _ _ ^ 

separately to individuals and' institutions* The- revised version 
includes hundreds of -changes, additions and deletions,; as well as a 
.complete listing of EMMSE modules 'Co date. A typical page from the 
Index is shown in Appendix VI • 

4.3 Priority Tbplc List 

As mentioned above, the first task of the Topic Area Teams was to 
subdivide its own topic area into modular-sized units and to establish 
the priorities, for module production. These lists were compiled into a* 
Priority Topic List which was printed and distributed to the MSE 
community and other' interested educators* This list appears in Appendix 
VII. . 

4.4 Curriculum and Course Improvement - 

We have noted earlier our rationale for going Slowly in this field 
and waiting till EMMSE was better established and known. We are sure 
this was wise. Our strategy has beei\, therefore, to engage in a modest, 
but gradually accelerating data- and information-gathering activity. 

A preliminary survey of some key MSE academic departments was made 
to ascertain various concepts of the education of a MSE student. A 
number of MSE industrial companies have been surveyed to determine their 
needs and- to discover the various mechanisms used by scientists and 
engineers to educate themselves in a. new field. This was a preliminary* 
study which will tie integrated into later work. 

Curriculum analysis . and development will be one of the important 
tasks to be completed during Phase III. .In accelerating tHis data- 
gathering phase we have arranged a first course and curriculum analysis 
gathering for August 198 1i A very useful way to objectify .such a study 
is by inter-nation comparisons. A complete; detailed analysis of the 
curricula in Great Britain has recently been "completed. We plan " to 
consult with the personnel involved in that study. Perhaps we can 
utilize some of their analytical instruments, and certainly we intend to 
study their results, which can serve as an objective base for' comparing 
the variety of U.S. mpdeis^for MSE curricula. 

At the same August, .meeting we will initiate a voluntary collective 
review of detailed course content of a few of the common courses at the * 
Junior-Senior -level (i.e<,, beyond the * introductory course in materials 

«r 

5 Linkages 

5^1; Interlinking of EMMSE Modules 
The subject* of interlinking of pur modules has also received only a 
modest amount of attention from the -NAC. While no * one doubts the 
ultimate usefulness of such a system, we have agreed that it is too 



early to start linking the relatively small number x of modules already 
produced. Developing ah optimized schenie for^linkihg modules is - a 
riiTer.ch task which has been done by Henley* ' Sigriell and others in other 
disciplines. Thus, the necessary computer software le available to 
interlink bur modules when enough are available \^o"pj?fcvidie a framework. 
This is an obvious task for late iif Phase ill. '* - 

In the' meantime our own discussions of this topic have shown that 
for materials science and engineering by far the important linkages 

are the immediate, nearest neighbors. Hence th^development of sets or 
6lusters of modules becomes^ the most important operational decision. 
The interconnections and insertions of such articulated sets into 
courses or curricula proceed by very different rules than 'the ties 
connecting single modules. in any case our analysis along these lines 

led to the strong exphasis on clustering. -- m 

* _ _. '_ « 

5.2 Interlinking to Other Module Projects 
We have* from the beginning* sought and maintained active contact 
with other module-producin g projects and have participated »in the 
"Intermod" organizational and standardization^ efforts with professor 
Signell at Michigan State University. Our modules appear on the data- 
base available on Telenet. We have consciously chosen not to attempt to 

• .a* - 

innovate in this area. 

6 Establishing Connections to the International MSE Community 

■_ _ j. . L _¥_ ~ 

One of the notable successes of EMMSE has been the attraction of 
(parts of) the international MOT community into its activities. We have 
established a West European Coordinating Committee with an outstanding 
representation of the leaders of materials science iri Europe. The group 
has its own steering committee chaired by Professor George Ball of 
Imperial College, London and run by its energetic executive secretary* 
Dr. Alastair Nicoi of the University of Birmingham. This group has been 
funded by NATO for two successive years to operate workshops for 
producing 5-6 clusters of' modules by reviewing selected topics in. which 
the EMMSE-WECC Committee felt that there was heed for good 
review/teaching materials. These materials are now just emerging in 
J EMMSE • (See Appendix VIII for a list of members-) Hence , at zero cost 
to NSF we have establishd a major source of modular materials written by 
the leaders of the field. A report of the EMMSE- WECC/NATO Workshop is 
attached as Appendix IX. 

The second such group we have helped start i^ in India. Here, 
also, a regional committee for India has been established with Dr. D.M. 
Chakravbrty, 'Director of the National Materials Science Center, chairing 
the effort. The Indian group is not as far along in its planning, but 



the first meeting which will iikeijf produce such modules was held in 
February 1981 • , ^° 

The * third group we have started to establish is one in the USSR* 
Here, also, we have an energetic finder in Dr. Fyodor Kuznetsov of the 
Academy of Sciences, Institute for Inorganic Materials in Novosibirsk.* 
He is supported in this^ venture at the highest levels of the USSR 
Academy of Sciences. However, the change of political climate has put 
the Brakes on this entire venture, and we will not know its future until 
the thaw in US-USSR relations. Preliminary contacts have been made with 
groups in Mexico, Latin America and French speaking groups in France and 
Quebec, and all such have received enthusiastic responses. 

j 

7 Digitization of Modules, Data-bases and Other Materials 

Until the past year, we purposely kept away from all attempts to 
concert our modules and other information to digital format (except for 
several earlier attempts to utilize electronic typewriters and; for our 
early use of the central computation facilities oh campus for generating 
address lists and mailing labels) . We reasoned - that other module 
preparation groups had acquired more experience and know-how and were 
actively pursuing the development of such systems. We believed that 
when a system reached the "proven capability 11 ' stage and was acceptable 
to several module development groups, we would adapt their technologies 
for bur needs so that; all would be compatible. 

At the end of the second year/- of funding in Phase II some residual 
funds were utilized to purchase the necessary hardware and software to 
begin the development of our wbxdrproceiasing/electrohic • • storage- 
dissemination system. At the present time, all modules are being 
converted, into dlgitial format. We are on tile verge of being able to 
disseminate - modules in this format, although the present cost- 
effectiveness of this (compared to microfiche, e.g.) is not" very 
favorable. 

Additional funds were made available by NSF to increase our 
.capabilities to include digital graphics, especially related to 
digitization of phase diagrams. One of our original possibilities was 
to digitize a video image, compress the data and store it. However, 
this idea has proved to be impractical within our budgets. NASA has the 
capability jto do this with theij: large congmters using 32-bit words* 
Commercial systems are ^available with the required resolution; however, 
the costs range upwards from a minimum of about $50K. we examined the 
capabilities of all the' lower cost systems (Digital Graphics Systems, 
Grinneii Systems, Colorado Video,- Hamroantatsu, Microangelo, etc.) and 
found them all too expensive for the results desired or* lacking in 



resolution -, unable to handle symbols, etc. Hence, we have 'made the 
decision to digitize utilizing a^graphlcs pad digitizer system. 
Specific Equipment; including a high resolution plotter,; hard-disk 
- storage with streaming tape back-up, an<| another 128K mainframe 
micr ©conduce r (which will -network with bur Existing system) are 
currently being ordered. (Note: This is also the mode of ojNaratibn 
selected by the Phase Diagram Evaluation group at the Hatiohal Bureau of 
Standards after their independent, extensive review.) 

The data-base of high priority and interest t£ the MSB TOmmurtity is 
that of cataloguing all existing phase diagrams. We have developed an 
interactive system \*hich will allow a. user to retrieve location 
information on any phase diagram ill existence. The s^tware is nearly 
complete > and a representative sample of the ;da€a^base will soon be 
entered for testing and evaluation. The' entire data-base will encompass 
25-30,000 phase diagrams j*hetr~con£>lete . 

The next step in developing data-bases is to begin, to digitally 
store the most widely used phase diagrams and associated thermodynamic 
data. We will then develop software for retrieval and manipulation of 
any or all of the pertinent information, including the phase diagram, 
plotted in either mole or atom percent composition. Frpm here, we will: 
develop ^interactive programs in conjunction with the Calphad group, plus 
the necessary teaching modules to enable a student to learn how to 
extract and utilize thermodynamic information from phase diagrams, as 
well as how to understand them in general. This work will be started by 
the end of Phase II, and we envision rapid expansion of this work Airing 
Phase III. (See Section 4 for more details. ) 

8 Evaluation of the EMMSB ^Project to Date 

The staff and NftC has wrestled long and hard about- how and what to 
"evaluate" about ourselves. Afc^bhe stage we established ar' evaluation 
and long-range task force . But this proved unsuitfed to cni:p needs. - It 
is our present position that evaluation while in process of one part of 
or a system^ say some particular modules - would be totally irrelevant. 
As a DISS project, using the innovation impact model in Figure 1, it is 
our present view that the only valid evaluation is a "suramative" one. 
That is, one that looks at the total system and its present and likely 
future (sincjfe we are 0 only •half-grown 1 ) impact on science education in 
the MSB field. In the following we present, therefore, qualitative and 
quantitative measures of the impact of Project » EMMSB. 
^ 8.1 General Impact 

As stated earlier, one of the primary goals, of Project EMMSB has 
been to socialize t he j my^erials science and engineering community . to the 



' emergence • of modular instructional technology and to the value of the 
use of modules for their own teaching. Moreover, EMMSE had to perform 
this consciousness-raising task for a diverse community which lacked the 
usual cohesive forced and regular channels of communication availafale 0 in 
the older, traditional disciplines, such as physics and chemistry. In 
spite of* these obvious hurdles , EMMSE has worked hard at achieving this 
goal and has met with substantial, even remarkable, success. 

Sm2 Participation by Field's Leaders % : 

The first measure of impact to which EMMSE can point is the number 
and quality of participants in its leadership. We have been fortunate 
enough, for example, to enlist some of the most respected names in the 
field of MSE as members of bur National Advisory Committee. Fiv$ heads 
of departments serve on this policy committee; four of them also £erve 
c.i the executive committee c Among them they represent some of [ thri 
outstanding departments in the nation in the materials field (M.IaT. , 
Michigan,. Illinois, Florida, and Massachusetts in addition to Penn 
State). The NAC represents a broad spectrum of materials . classification 
(metals, ceramics, polymers). In addition, well qualified persons from 
industry and professional societies have served, and are serving, on the 
NAC. ' % • ' 

Beyond the Advisory Committee, the number of persons associated 
with EMMSE was greatly increased by the development of ;the project's 
Infrastructure. Twenty-five other persons from a variety of 
professional backgrounds served as members of the Topic Area Teams* 
Many others have worked in ad hoc relationships as . r numbers of task 
forces and committees. - .. 

The influence of all these persons on thei^r associates at their 
primary place or occupation (among others) Is, of course, not measurable 
in quantifiable terms* But we believe that it has been Enormous and' can 
be seen by the acceptance that EMMSE has had and continues to enjoy 
increasingly. ^ 
8;3 Mail -Responses- and Inquir ie s 

Another aspect of the impact of EMMSE is the reception given to its 

products - both instructional and informational. Early on, EMMSE sent 

out a large numbel: of the latter, ranging from newsletters to 

questionnaires. There was a massive effort to inform people about EMMSE 

and to solicit thei^ views on matters pertinent to the project's 

development. The results have, been gratifying. Whereas, in the 

beginning, thousands of communications went over what was for the time 
■» ^ _ _ _ _ _____ 

being a' one-way street, now? although we continues to communicate at °a 

high level, ours is matched by an incoming. flood of mail. Literally 

thousands of inquiries, orders, offers of advice or help, etc. have 

been and are being received. One realistic measure of the impact of 



EMMSE on its constituency , is to look at the file of correspondence 

_. _ # 

accumulated and see how the quantity of . incoming mail . has increased 
dramatically with 6acfr succeeding year of operation. 

8*4 Sales and Subscriptions to EMMSE Products 

By far the. most important quantitative measurement of EMMSE 1 s 
impact is revealed in the sales of EMMSE subscriptions Modules , such as 
the Crystallography Set, arid for JEMMSE. If bur constituents are 
purchasing our products, it means they have voted* with the is wallets. 

As noted earlier, EMMSE began to make ^ charge for its products 
only in Phase II* During that time, also, the publication of the 
Journal began oh a subscription basis* Prior to tha£_a£l material had 
been distributed free. 

All prototype modules have been for sale in ^Phase II, and some have 
sold remarkably well* The two-part set on Phase Transformations in 
Condensed Systems has had a steady market at a somewhat lower level. 
However, the outstanding sales leader has been the nine unit set on 
Crystallography* Since its introduction oh a sales basis, this nine 
unit set has had an annual average sale of about 10>000 units. If it 
continues tb enjoy repeat orders at this level, as we have reason to 
believe it should, it will contribute substantially to the long range 
viability cf EMMSE. 

The Journal of Educational Modules for Materials Science and 
Engineering has been on a subscription basis from its inception, 
although during the first year of publication we were alsQ sending free 
sample copies - to* all heads of departments and their counterparts in 

industry. The reception of JEMMSE by the MSE community has exceeded our 

. _ . » 

most sanguine expectations* We projected' the number of subscriptions in 
the first year to be *75. *It turned out to be 1^7. We have now 
completed two years of publications and the subscription list stands at 
271* There have been only 8 cancellations* A breakdown of the list 
reveals an interesting distribution. The total in the U.S.* is 191* Of 
this number, 117 are primary or institutional subscriptions (86 from 
universities/and 3£ . from others, mostly industry). We have been very 
pleased to note that 81 subscriptions have come from foreign sources. 

Of these, 20 were from the British Isles, 15 from Canada, and the rest 
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from widely scattered places (a number from western Europe, and one or 

more from the Soviet Union, Yugoslavia, India, Australia,- Merflco, 

Brazil, etc.) The rest (74) are secondary", or individual, 

subscriptions. 

These statistics, we believe, are an indisputable demonstration of 
the wide and effective impact of EMMSE on the MSE community. 



8.5 The International Acceptance V 

The number of subscriptions -from foreign sources - almost all of 
thera> from, universities or libraries - is cmly one indication of EMMSE f s 
outreach to those outside the U.S. The most impressive, datura here is 
the\ number and quality of the scientists in Western Europe (and * lit" 
India) as listed in an earlier section who have become associated with 
EMMSE • (See Appendix VIII. ) Clearly if scientists of this eminence are 
willing to partici pate they are signifying a \ reasonably high level of 
approval of our achievements - \ 

5.6 S u mma t ion of Achievements an d I m pact as an - 
Evaluation of EMMSE \ 

Since this lis a project to produce and disseminate modular material 
it is perhaps appropriate to close this section ^on achievements by a 
summary of our status in these, areas. \ 

First/ on dissemination: * We have established _a means of' 
distributing to a very widely dispersed clientele print modules at a 
cost of somewhat less than. $0.02 per conventional text page to the user. 
(Two pages of the Journal can be copied oh to an 8-1/2 x 11 sheets) The 
journal- textbook hybrid is effective and may prove rb be the only cost- 
effec#ive way to achieve dissemination of modular material anyway. ~ 

Second, on production: Some hundreds of modules have been processed 
to varying degrees by our system. We have prepared 1 a master list of 
these modules in the. following table which shows that there are about 
250 modules involved. We note that EMMSE* s involvement is not the same 
in all these modules. For the majority we have been \ responsible for 
selecting stimulation, production, dissemination; for some we have 
contributed mainly in dissemination; for others „ in stimulation and 
production^ but yet awkit an auxiliary distribution mode. This list 
shows that there is plenty of good material being produced and 
disseminated. It also shows that tije fate of its production is 
increasing, and the costs •to NSF per module are going down steadily. 
Hence our qualitative projections of self-sufficiency- are not fanciful. 

We believe: these several lines of argument support our contention 
that EMMSE has had a strong impact on its constituency both in the U.Si 
and world wide. Furthermore, it is clear that the pace . of the Impact 

has increased greatly in Phase II and that, momentum continues to 

_ _ . , ■ /> 

increase in the recent past. 
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TOPIC 



i- M*toriaia. for Fiber Optica* 

Communication* Part I, Optical 
P report las of Transmission Madia 

2*. Materials for Fibar* Optical 'i 
Communication x Part 2, Fiber 
Fabrication ^ 

3. Point Defects in Stbichiomatric 
Ceramic Matarials: Part 1, 
Solid Solutions 

4. Point Dafacts in Stoichiometric 
Ceramic Materials: Part 2, 
Schottky and Frenkel Dri facts 

5. Introduction to Dislocations in 
Crystals 

6. Surface ana Bulk Defects in 
Solids « , 

7. Selection of crystal Growth' 
Methods (semiconductors) 

8. Selection of Crystal Growth 
Methods (insulators) 

9. :ii ideation 



10. Growth of Phases 



11 V Blow Molding: Procedures and 
Equipment. 

12. Molecular Orientation in Polymers: 
Pole Figures and Orientation 
Functions 

13. Free-Radical Polymerization 
Kinetics "by Lilatometry 

(A Lab Experiment) 

14. Free-Radical Copolymer izat ion 
(A Cab Experiment) 

15. Emulsion Radical Polymerization 
(A Lab Experiment) 

16. Cat ionic Polymerization 
(A Lab Experiment) 

_ _ 

17. Anionic Polymerization 
, (A Lab Experiment) 
- — & - 

18. Bulk Poly condensation and 
End-Group Analysis 
(A Lab Experiment) 

19. Inter f acial Polycondcnsation 
(A Lab Experiment) 

20. Polycondensation and Curing of 
Epoxy Polymers 
(A Lab Experiment) 
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£. Hi Van Vlack 
Professor and Chairman 
University of Michigan 

Ellis D. Verinic* Jr'i 
Professor and Chairman 
University of Florida 
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APPENDIX ill 

Prbtotyp^Modules^rbduced and Distributed 

Materials for Fiber Optical Comraouiipationi ^ 
Part One: Optical Properties of Transmission Media 
Part Two: Fiber Fabrication 

William G. French, Bell laboratories 

Point (Atomic) Defects in Stoichiometric Ceramic Materials 

Part One: Solid Solutions 

Part Two: * Schottky and ,Frenkle Defects 

Robert f. Davis, North -Carolina State University 

Sur^ce and Bulk Defects in Solids 

Craig S. Hartley/ SUNY/Stony Brook -. 

Introduction to Dislocation in Crystals 
Craig S. Hartley, SUNY/Stony Brook 

. .. . ... _. ' . _ c 6 : 

Viscoelastic Behavior of Polymer Solids 

T. w. Huseby, Bell laboratories 

Fibrous and Stressed-skin Composites 
D. K, Rider, Bell laboratories 

Principles and applications of Adhesive^ 
D. K. Rider, Bell laboratories 

Phase Transformations in Condensed Systems 

P^rt One; Niicleation 

Pdrt Two: Growth of Phases 

Morris Ew Fine, Northwestern university 

Crystallography: A Nine-unit Minicourse of Programmed Learnl 

1. Packing: The Crystal- as an Assembly of Spheres 

2; The^acking of Spheres of Different Sizes - Interstitial 

3. Unit Cells^ and Space lattices 

4. Miller Indices: Representation of Planes and* Directions 

5. The Seven Crystal Systems * 

6. %®_Fourteen Br avals lattices " $ 

7. Introduction to X-Ray Diffraction 

8. Lane Patterns 

9. Powder^Patterns: The Debye-Scherrer Method 

Bru^e Chalmers, Harvard University 

James G. Holland, University of Pittsburgh 

Kenneth a. Jackson, 4 Bell laboratories. 

R. Brady Williamson, University of California, Berkeley 
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APPENDIX IV 

Cumulative Index to y&tumes I and _IX -Of JEMMSE 
Arranged Sy Topic and Materials Class 



1. _ Metals 



Electrometallurgy: Industrial Practice 

Part One^ Plant J?bpaipcaent: 

p« Ji Robinson, University of Arizona 
T. 1. O'Keefe, University of Missouri-Rolla 
L. G. Twidwell, Montana College of Mineral 
, Science and r -3chnblbgy 2:1:91 

An Introduction to -Fracture Mechanics 
Stephen D. 'Antolovich 

University of Cincinnati 2:2:309 

An Introduction to the Use of Phase Diagrams in 

Materials Science and Engineering 

(A five-part programmed learning set) 

John Hilliard ^ 
Northwestern University - 1 : 1 : 65 

Reduction Processes in Extractive Metallurgy: 

Thermodynamics of Oxide Reduction 

George A. Smiemow, Drexel University 
Larry Twidwell, Montana College of Mineral 

Science and Techn6.logy y ' 1:2:223 

Simplified Procedure "for Constructing 
Pourbaix Diagrams 

Ellis D. Verink> Jr : . 

University of Florida .„ 1:3:535 

i • : 

Th e,rrocine chan ic a 1 Treatment of Steels: 
Controlled Rolling 
Lee J. Cuddy 

U.S. Steel Research Laboratory 1:4:739 



.2;. Ceramics 



Materials for Fiber Optical Communication 
Part brie: Cjpticai Properties of Transmission Medic 
William G. French 

Beil Laboratories s - ^ * / 1:^:333 

Materials for Fiber Optical Communication 
Part Two: Fiber Fabrication 

'Wiiiicta 6. French • * 

teeii Laboratories 1:2:35 




Point (Atomic) Defects in Stoichiometric 
Ceramic Materials. Fart Ones Solid Solutions 
Robert P. Davis 

North^Carolina State University 2:4 

Point (Atomic) Defects in Stoichiometric 
Ceramic Materials* Part Two: Schottky and 
Frenkel Defects 

Robert Davis 

North Carolina State University 2:4 



3. Polymers 

o ; 
Anionic Polymerization (A Lab Experiment) 
Eli Mi Pearce, -Carl E. Wright and 
Binoy k. Bordoloi 

Polytechnic institute of New York 2:2:487 

Blow 'Molding: Procedures and Equipment K 
B. T. Morgan 

Phillips Petroleum 1:2: 249 

** 

Bulk Polycondensation and End-Group 
Analysis (A Lib Experiment) _ _ M 

Eli M. Pearce, Carl E. Wright and 
1 Binoy k.* Bordoloi 

Polytechnic Institute of New York. 2:3:711 

Cationic Polymerization (A Lab Experiment) j 
Eli M. Jpearce r Carl E. Wright and 
Binoy Km Bordoloi 

Polytechnic Institute of New York 2:3:685 

Emulsion Radical Polymerization (A Lab 
Experiment) 

Eli M. Pearce, Carl E. Wright and 

Binoy K. Bordoloi 

Polytechnic Institute of New York 2:1:223 

Free-Radical Copolymerization ()^ab Experiment) 
Eli M. Pearce , Carl E. Wright and- 
Binoy K. Bordoloi 

Polytechnic Institute of New York 1:4:871 

Free-Radical Polymerization Kinetics by 
Dilatoraetry (A Lab Experiment) 

Eli *M. Pearce, Carl E. Wright and 

Binoy K. Bordoloi 

Polytechnic Institute of New York " 1:4:845 
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Interracial Polycondensation (A Lab 
Experiment) 

Eli M. Pearce/ Carl; E. Wright and 

Binoy K. Bordoloi 

Polytechnic Institute of New York : . 

Molecular Orientation in Polymers: Pole Figure 
and Orientation Functions 

EdwardLS. Clark * \ 

The Uniyersity of Tenrfessee 

*< 

Polycondensation and Curing of Epoxy polymers 
(A lab Experiment) 

Eli M. Pearce, Carl E. Wright and 

BinSy Km Bordoloi 

Polytechnic -Institutes of New York 

Thermoforming: Polymer Sieet Fabrication 
Engineering 

J.'L. Throne 

Amoco Chemicals Corporation 



Wood 

The Chemical Treatment of Wood for Sid 7 Use 
C. S* Walters 

University of Illinois ^ 

Mechanical Behavior and Properties of Wood 
Arno Schriiewind 
University of California- Berkeley 

Molecular and Cell Wall Structure of Wood 
Richard E« Mark * 
State University of New York 

Overview of Wood as a Material 1 
George G. Marra 
Washington State University 

Paper * 
.A* H# Nissan 

Consultant, Westvaco Corporation 

'. . / ■ "•' _ 

Physical Properties of Wood 
Robert M. Kellogg 

Western Forest Products Laboratory 

v - 
Wood Anatomy arid infrastructure 
Richard J* Thomas 
North Carolina State University 
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Wood: Its Structure/ and Properties 
F. F* ffemgaard 

'Colorado State University, Retired 

Wood and Moisture 

Harold Tarkow 
v Forest Products Laboratory < U.S.) 

at 

Wood-Based Composites 
John J. Zahn 

Forest Products Laboratory (Canada) 



Characterization , 

Introduction to Auger Electron Spectroscopy 
Edward N. Sick af us 
Ford Motor Company 

Low Energy Ion Scattering 

H. F. Helbig, Clarkson College of 



A. W. Czanderna, Solar Energy Research 
Institute 

Modern Ion Beam and Related Techniques for 
Materials Characterization • f 

Richard J. Blatter and * 

Charles E. Evans, Jr. 

University of Illinois at Url 



Crystal Growth * 

Crystal Growth: Available Methods 
Harry C. Gatos 

Massachusetts Institute of Technology 

Crystal Growth: Magnetic Garnets by Liquid 
Phase E|>it axy * 1 

S. L. Blank 

Bell Laboratories 

Czochralski Growth of Large Oxide Crystals 
CD. Brandle 

Union Carbide Corporation m 



Materials, Design for Semiconductor Devices 
Charles J. Nuese 
RCA Laboratories 



Nucleation and Atomic kinetics 
K# A. Jackson 

Bell Telephone Laboratories * 2:3:609* 

Phase Equilibria: Principles and Binary Systems 
William B. White 

The Pennsylvania State University 1:3:595 



Phase Equilibria: The Pressure Variable 
William B* White 

The Pennsylvania State University 1:3:637 

Selecting Optimum Crystal Growth tethod for 
Specific Phases '. 

ffcstun Roy - / 
The Pennsylvania State University 1:2:301 



1 • E lec tr on4c Ma ter4alg 

Elec^ical Behavior of Solids 
/ D« D. L. Chung ' 

'. Carnegie-Mellon University - 2:4: 

Materials Design for Semiconductor Devices 
Charles $. Nuese 

RCA Laboratories 2:1:113 



Phase EqX. 



An Introduction to the Ua,e of Phaso^Diagfams in 
Materials Science and Engineering 
(A five-part programmed learning set) 
John Hilliard 

Northwestern University 1 : 1 : 65 

Phase Equilibria: Principles and Binary Systems 
William B* White 

The Pennsylvania State University 1:3:595 

Phase Equilibria: The Pressure Variable 
William B. White 

The Pennsylvania State University 1:3:637 

Phase Transformations in Condensed systems 
Part Oiiei Nucleation 
tor r is E. Fine 

Northwestern University 2 : 2 : 39 1 



Phase Transformations in Condensed Systems 
Part Two: Growth of Phases 

Morris E. Pine % 

Northwestern University 

. . p i, 

Other 



Introduction to Online Searching- of Bibliographi 
Databases 

Lucille Hm Wert 

University of Illinois 

Pfoduiarization of the Introductory Course in 
Materials Science and Engineering 

Craig Hartley 

University of Florida 



APPENDIX V 



^ EMMSE Matrix 

Tnit MATRIX PROVIDES A GUIDE TO THE INDEX. ThI m*MERJ RUNNING VERTICALLY DOWN THE LfPT 
SIDE CORRESPOND TO TK^ NUMBERS AJ THE TOP OP THE PAGES IN THE INDEX/ I NO I CAT I NO THE LOCATION. OP 

™f "Mf*?* 1 ** . *|wicf The letters across the top will |f pound in parentheses apter each 

MEDIA ENTRY, IDENTIFYING THE MATERIALS' CLASSIFICATION, . ThE NUMBERS IN THE BLOCKS OPPER A QUICK 
OVERVIEW OP THE CONCENTRATION OR LACK OP AVAILABLE MEDIA THROUGHOUT THE INDEX. 
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APPENDIX VI 
EMM^E MEDIA INDEX 

A guide for locating teaching «aids in all media.* 



SAMPLE ENTRY 

Title 

Production date {when 
ayailablef 

Format 

Distributor's address ' 
in appendix 

Requirements for use 
{rent-, sale-, etc-} 

" ~Z 

*Iri most cases -tfilms-i tapes? etc*} the time given is running t. 
In some instances {print} it is study time * 



KEY TO INDEX, 



AC 


Audio Cassette' 


R 


Rental 


AT 


Audio Tape ^ ; 


RP 


Rental or Purchase 


B/LJ 


Blade and White 


r/r 


Reel 'to Reel 


Col 


Color 


SA 


Special Arrangement 


F 


Free * 


Sil 


Silent 


FC 


Film Cassette 


Snd 


Sound 


FL 


Free toan 


vc 


Video Cassette 


FS 


Filmstrip 


VT 


Video Tape 


OT 


Overhead transparency 


* 


Eitrpductory * 


P 


Purchase 


** 


Advanced 



Class of Materials v '*i>Biti*o ■ ■ - i — - r — 
V TERNARY DIAGRAMS ^T__ 

*Lenoth ^KRiwa FROfl BINARIES 

Academic Levels min Snd Col 
' Source: PSU 

f**} fR} 




APPENDIX VI 
Sample ^Page_ from Mediei Jncteff 



PROPERTIES: CHEMICAL {CORROSION i ADHESION! 



31 



lb mm film {cant.} 

RESTORATION OF EflUESTRIAN STATUES AT 
THE MEMORIAL BRIDGE {O {1T72> 
lb win Snd Col 
Source: a^soc F 
{*> {FL> 



RUBBER BY DESIGN {E> 
27 win Snd Col 
Source: Shall 
{*^ {FL> 

- SHAPES AND POLARITIES OF MOLECULES 
{A> il%3> {Cat. No* 201bfl> 
ifi rain Snd Col 
Sourcej PSU 
{**> {R> 

SPECIFIC PROPERTIES OF STAINLESS 
STEEL <Bi_ _ ■_ 

"discussasphysical and ehemica^€*j 
properties" - I 

MO miri Snd Col = P^N?' i 

Source: Rep* Steel- 
{*> {FL3- 




SUPER A FILM 

CORROSION {Bib {A set_qf 3_filisi_ 
1. Corrosion I -.Filiform Corrosion 
e._Corrosion H - Hydrogen Embrittle- 
nent 

3- Corrosion III - Aluminum 
FCs R min each Sil Col 
Source: Wiley 
{*> {P> 

FILIFORM. CORROSION. OF ALUMINUM {Q 
FC M min. Sil Col 
Source: LBF 
{*> {P> 



SLIDE TAPE 

ALS - TISSUE INTERACTION 
Series> 
5_hrs ACs 
sids 
ACS r 




STRESS CORROSION IN MAGNESIUM BASE- 
ALLOYS {O 
1ft min Sil B/y 
Source: OSU 
{**} {R> 

STRESS CORROSION IN STAINLESS STEEL 
■CB> 

13 min Snd Col 
Source: OSU 
{**> {R> 

THINK ABOUT IT {6 
"film about zinc coating - the most 
effectivelway of controlling rust 
without spending a lot of money on a 
continual maintenance program" 
50 mih Snd Col 
Source : Assoc F 
<*} <FL> 



A BREAKDOWN IN PLASTICS {I g n> 

~{E>7{MsrrSeriesI — : — 7 — 

IS min AC each side > 30 min total 
Source! ACS 
{**> <py 

CORROSION SERIES ; {A> v 
i? Slds No tape 
Source: ASM 
{*** {P> 

DURABLE CONCRETE -CI> {1%3> 
18 Slds AC Col 
Source: PCA . 
{*> <R> 

ELECTRO CHEMICAL PROPERTIES {A> 
Half Cell Potentials 
Polarization and Overvoltage 
22 Slds Mb min tape 
Sour cm: Ruoff ft PC 

<*> <p> 

neb dimensions for polymers {£> 

AC No time given 
Sources ACS 
{*> {PI 
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PRIORITY THPIH i 

*. in inc ■ - . 

- cm inATinM ai n«nni ii tro trr^p matcdiai c ctick 



EMMSE is a self-help venture of the worldwide Materials Science and Engineering community to develop, publish 
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ERIC 



AN INVITATION TO Abb MEMBERS OF THE MATERIALS COMMUNITY 
AND CLOSELY RELATED DISCIPLINES' 



We invite you to become an author of an EMMSE module, in doing so you will be participating in a venture (hat will ultimately contribute 
substantially to materials science and engineering education. Y* hi can do this by selecting a topic from the accompanying list and writing a 
module on that subject: In many cases you may already have a big ^tart in performing this service; lecture notes or an unpublished 
manuscript could provide the basic outline arid formulation of ideas to be cbmrjjuriicated. 

When you have decided on the topic or topics that are of interest to you, please use the form provided to send this Information to the 
appropriate Topic Area Team (TAT) Chairman: He will assist you through all stages of development and review. (All EMMSE modules are 
peer and student reviewed to ensure a high degree of quality for education.) An early contact is important, since some topics are being 
commissioned by the TATs, and duplication of effort can thus be avoided. _. ._. .'... r 

Accepted modules wilt be published in the Journal of Educational Modules for Materials Science and Education (J EMMSE), thus providing 
an author with a citable reference to a refereed publication. Subscriptions to JEMMSE confer unlimited reproduction rights; offprints are 
available in bulk as well. * ' 



GUIDELINES FOR AUTHORS 

WHAT IS A MODULE? 

A module is a relatively small unit of printed malarial designed as a teaching vehicle. (In length It is essentially the equivalent of a short 
chapter in a textbook.) One distinctive feature of modular units is the way in which they can be linked together by careful selection to form 
larger groups which fit individual or specialized needs. (A particular textbook represents one such fixed set.) The other basic advantages of 
modules are that they are written by "experts" in the relatively narrow field of their specialization, and that they are peer-reviewed much like 
research papers. They are also tested in the classroom to provide additional input to the author for a second stage revision. 



WHAT ARE THE MOST IMPORTANT FEATURES OF A MODULE? 

(1) The author should have in mind the background in science he is counting on in his intended audience. A few sentences about these 
prerequisites helps the learner know if he can utilize ttie module effectively. 

(2) A series of statements setting forth the learning objectiyjjsot Jfie module is desirable: 

(3) The author should attempt whenever possible to make her/his unit as free-standing as possible; i.e., avoid extensive reliance on 
immediate, antecedent .material; except thecjeneraJ background\referred to in (1 ), or where a group of modules are written by the same 
author and such references are unavoidable: _ _ 

(4J A high proportion of good illustrations is often the most important addition to a more traditional text. Reference to supplementary visual 
_Bids t ^u(^.as-films,-vkleo.tapes,.eta T .may.also be desirable — — . 



(5) SI units preferred with English equivalents in parentheses. 

" " these can be interspersed with the text, and wherever appropriate, it is recommended that example problems of mathematics (with 
answers) be used: Other problems and questions can be grouped at the end as a post test to determine mastery. 

(7) The module will naturally contain some references and bibliography. In a teaching module it is rather important that those which the 
author believes to be essential or especially relevant be separated from a more complete bibliographical list. 



AT WHAT "LEVEL" AND FOR WHAT AUDIENCES ARE MODULES BEING PREPARED? 



Four levels and audiences have been conceived: 
Levels 

1. Introductory materials science and 
engineering (MSE) 

2. Materials Technology for non-MSE 
majors _ ; 

3. New areas suitable for graduates 
in industry and seniors and grad 
students in college 

4. Advanced topics — pedagogical reviews 



Audiences 

College students in MSE and related 
disciplines 

Non-science majors, community colleges, 

industry technicians, etc. 

Industry, MSI majors, other disciplines 



Uniyersrjy and industry materials 
research workers ' 







HOW LONG WILL IT TAKE ME TO GET A MODULE PUBLISHED? 

As mentioned before, one of the val uable aspects of the EMMSE module is that It will be peer and student reviewed. This procedure will 
take some time, but should prove its worth in the long run. The various stages of preparation and review in a typical case might take the form 
of thai shown below. v. • \ 

4d . • ■ : . 



STAGES OF PREPARATION AND REVIEW 



Stage 



Author's Activity 



Review Activity 



Cumulative Turn 
Around Time 



First draft May be an outline 
consisting of table of contents, 
objectives, abstract of text, 
figures and post tests 
Second draft. Complete module 
with full text ' _ _ «*_ 
Third draft with revisions from 2 
Fourth draft with revisions from 3 
FinaJ version ready for publication 



Review by Topic Area Team 



Review by peers 

Review by selected students 
Field testing by students 
Formatting and preparation 
ot module for printing by " 
EMMSE 



2 weeks 



6 weeks 

10 weeks 
14 weeks 
16 weeks 



WHAT HAPPENS WHEN MY^ MODULE IS ACCEPTED FOR PUBLICATION? 

As indicated in Stage 5 above, an approved manuscript is forwarded through the appropriate TAT to the EMMSE Staff Headquarters at 
The Pennsylvania State University where it will be formatted as camera-ready copy forthe printer. The EMMSE staff will also help the author 
by enhancing orredrawing figures on request and wijlprovide other services, including securing copyright permissions and distributing the 
published module to users through the Journal of Educational Modules for Materials Science and Engineering. 



WHAT ARE THE^" COMPENSATIONS" FOR AUTHORS? 
During the cu rrent funded stage of EMMSE, a small honorarium will be paid to authors. In addition, EMMSE will work diligently to provide 

professional recognition and other compensations for authors. along the following Ines: . 

1. The author's module will be used by hundreds and possibly thousands of students and their teachers, as* opposed to the dozen or so 
_ people who read, the average research paper. : 

* 2. Modules will be published in JEMMSE, the Journal of Educational Modules for Materials Science and Engineering, a citable, 
peer-reviewed ' publication . - - . r. 

3. Department Chairmen and Deans, or the two appropriate levels in industry, will receive letters from EMMSE advising them of the 
valuable contribution made by the author. ' ' . 

4. Requests will go out to professional societies to accord module writers some recognition through their educational sections. 

5. Consideration will be given by each TAT to establish a prize to be awarded by some major professional society for a " -est module". 



WHAT ABOUT ROYALTIES AND COPYRIGHTS? , • 

The potentional market for EMMSE products is relatively small and the intention is to keep the costjto students as low as possible. 

Therefore, it Is anticipated that trje opportunity for royalties will not be very great. . - jf 

During the current funded stage, copyright will be held by The Pennsylvania State University for EMi\ASE. Future arrangements for both 

royalties and copyright must be negotiated with and approved by NSF. 



PRIORITY TOPIC LIST 



The following list of topics is a preliminary subdivision of the field which is intended to suggest areas in which authors might want to write 
modules. The major subdivisions (Metals, Ceramics, Polymers, Wood and Characterization) correspond with their respective Topic Area 
Teams. Topics under GAPS do not fall into any of these major subdivisions. Modules in the GAPS category should be forwarded to the 
EMMSE Coordinator. Other modules should be sent to the appropriate TAT Chairman. 



.METALS 

BASIC SCIENCES 
Metalic Elements 
Atomic Structure 
Atomic Bonding 
Crystal Structure 
^rupture of Amorphous Metals 
CrystaJIne Defects 

Vacancies 

Dislocations 

Stacking Faults 
Micro structure 

Grab Boundaries 

Twila 

Phase Equiibria - _^ 

Allotropy 

P-T Diagrams » 
Thermodynamics of Multi-Component Systems. 
Two-Component Systems 
Solid Solutions > 



Ideal Solutions 

Regular Solution f . 
Sub-Regular Solutions 
Interaction Coefficients 
Intermediate Phases j 

Energy Diagrams 
UqUd-SoNd Transformation 
ph wej)iagiams ft 
Development of 

Use_qf__^ 

Composition 
Lever Rule 
Phase Rule . _ . . 
Three-Co rnponent Systems. 
The Mode of Depicting Phase Diagrams 
Phase Rule ^ 
Solid jSblutforis^ 
More Than Three-Component Systems. 
Methods of Depicting Phase Disc/pros 
Phase Transformations In Metalic Systems. 
Therrnodyn amies 



Metals (cont'd.) 

Wrtuatoh 

Phenomenology 

Atomistic 
Nucteation 

Homogeneous 

Heterogeneous 

Effect of Coherency 
Growth 

Interface Controlled 

Diffusion Controlled 
Kinetics 
TTT Diagrams 
Specific Transformations 

P'edptotion 

Altotropte . . ■ 5 

Martensitic 

Bainite .; 

Order-Disorder l 

SpJnode! Decomposition 

Massive--- .. 

RecrystaJHzation 

Solidification i 

Eutectlc 

Eutectold 

PerHectic 
No r> Equilibrium Conditions 
Solidmcation 

Coring 

Metaatable (transition) phases. 

PROCESSING 

Melting 

Casting 
Ingots 

Mechanical Forming 

Joining \ 
Adhesive Bonding \ 
Diffusion Bonding \ 
Welding \ 
Heat Affected Zones \ 
Micrcetjucture \ 

__ Heat Transfer ! 

Metal Removing Processes 
Machining : 
PowderMetallurgy 
Thermal Treatment 
Annealing 
Tempering 
Aging 
Finishing 
Mechanical 

Chemical ; 
/' Electrochemical 
Organic 
Ceramic 

Polymer 

_ Processing of Metals for the Electronics Industry 
PROPERTIES 
Mechanical 

Principles of Deformation 

ThermaRy Activated Deformation 

Plastic Flow 

Work Hardening 

Fracture 
Ductile 

_ Brittle 

HotWprk 

Texture 

K .. Concept 

Machmattlty 

Wear 

Fatigue 

Fracture In Hostile Environments 
Chemical 

Thermal CT - \ 



Acoustic 
Optical 
Electrical 
Magnetic 
' Nuclear 
Biological 
RbeotogicaJ 

Structure — - property relations hips 
Testing for Properties 
APPUCATJONS 
Materials Selection 
Structural 

Electrical and Magnetic 
Optical 

Surface; Friction, Wear, Corrosion 

Thermal 

Nuclear 

Biological 

Failure Modes i) Sercfce 
Process Selection 
Composites 
Fracture Analysis 

CERAMICS 

BAS_iC_SCJENCES__ 
Theory ojLEIasticrty 

Ck>ntinuum elasticity 

Thermodynamic concepts 
Stress-— Strain 
Unear and non-Hnear elasticity 
Atomic v ieory of elasticity 
Lattice statics 
Unear lattice dynamics 
Non-linear lattice dynamics 
Solid solution effects 
Phase changes and elastic constants 
internals frfctipn_ 
_ Frequency effects 

PROCESSING 

Conventional Powder 

Raw material extraction _ 
Raw material processing ▼ 
Powder characteristic 
Binders 

Powder consolidation 
Sintering . 
Hot pressing 
Multi-phase systems 
Deposition 

Vap_or_ 

Particle 

Electrolytic 

Seeing 
Fusion 

Technic/ 

Appttca^ohs 

Microstructures 
Single Crystal Growth 

Methods 
Solutions 
Melt 

Vapor _ : . 

Applcatiqna_ 

CKher Bo* Methods 

Pyrcjytls_ ._. 

. Hydrothermal 

Fibers, Fabrics, Coatings, Films, Tapes 
Forming, Hot Working, Alloying, Heat Treating 
Joining 

Adhesive, Elastomeric, Sealant Joining 
. Mechanical 
Cementing 
Braxhg 
Welding 



Machining . -._ J 

Bonded abreaJc — sawing, grindng _ _ 
Free abrasive — lapping and polishing 
Fra»abftt»tv — fluid driven 

GtaseyGlass-Cararnk: 
Mating 

* Tanloj and furnaces 
Combustion and fuois 
Dissolution 
Raflnjnfi 

. Fcnnlng Operations * 

Pressing 
. Blowing ; 

Casting 

RoUng 

Bom proem 

Drawing 

RbafWng 

Dry gaging 

Lamination 
Finishing 

Annealng 

Cut — off, scoring, firepolishing 

Gripping. poHahtng. drillng 

Decoration 

SaaJLng 

Secondary Forming 

Repressing, redrawing 

Fiberoptic* 

Lamination (safety glass) 
Foaming 

MuBform 

Controlled Crystallzation (Glass-Ceramics) 
Phew ^separation * 
Nucleation 

Crystal growth ■ 

Phase transformation 
Thermal history effects 
Photosensitive effects 
Automatic viscosity control 
Strengthening of Glass and Glass-Ceramics 
Tempering 
Ion exchange 
Surface crystallzation 
Differential densiflcation 
AJkail extraction 
Gla2ing 
Lamination 

PROPERTIES 

ThermaJ and Thermal Shock 
Mechanical 

Elastic. 

Strength. 

Hardness 

Impact and Erosion 

Erlction and Wear . _ ; . 

Electrically Induced Fracture 

NDT~ Proof Testing • 
Electric Conductivity 
Dielectric 
Magnetic 
Chemical 
Optical 

APPLICATIONS * > 

Extruded honeycomb catalytic substrates 

Lucakw for high pressure sodium vapor lamps 
Single crystal sapphire tubas, filaments, etc. 

by Tyco process 
Steel plant refractory 
Glass tank refractory 
1 Spark plug 
Auto water pump seal 
Glass-ceramic radomes 



POLYMERS 

BASIC SCIENCES 
Solid State Physics 

Chain-fdded crysjalzation in polymers 

Control of fold-period in polymer crystals 

Ultimata modul and strengths in polymer sofids 

Polymer glassy state 
Phase_EqgHbrlA 

ThernxKfynarnics of rubber eUatfcrty 
• Phase separation h block copolymers _ __ 

Rubber-vii led impact plastics: Synthesis and 
— micro structure 
Themiochemistry • 

Sorption processes In polymeric solids 
i Diffustori 

Barritar properties of polymeric films 
Reactions: 

Addjton polymen^atlon 

Corclensation potymorization - 

Solid state polymerization 



CHARACTERIZATION 
Crystal Structure . 

X-ray diffraction from polymers 
Mlcrostructure. 
Pole-figure analysis of textured polymeric 
solids 

Small angle g-ray scattering from polymers 

Spheruitic crystallzation 

Pplymejr morphologies 
Defect 

Defects in polymer crystals 
Surfaces, Interfaces 

Surface physical chemisty of polymers 
^ ESCA of. polymer solids * 
Bulk 

vibrational analysis of polymers. 
Raman spectroscopy of polymers 
DetefTntnatioft of M of polymers 
Determination of M of polymers . 
Dilute solution viscometry of porymers 
Ge[ permeation chromatography of polymers 
Nuclear magnetic resonance of polymers 
Infrared absorption arjectrosoopy 

Trace. • „ 

Analysis of additives h polymeric systems 

Non- Destructive Testing 
Acoustic emission from polymers 

Instrumentation 
Optical microscopy of polymers 
Scanning electron microscopy of polymers 
Transmission electron microscopy of polymers 
Thermal analysis of polymers 

PROCESSING 
Ufra^urificatipn 

FjaoaratiVe purification of polymers 
Particulates ^ 

Fillers: Reinforcing and non-reinforcing 
_ _ Robber-filled Impact plastics 
Thin films * „ 

Glow-discharge polymerization 

Photoflthographic polymers 
Solid: Sintering, etc. 

Plastic deformation mechanisms 
* Vacuum forming materials 

Sintering of polymer powders 

Solid state extrusion 
Fluid: Extruding, etc, 

Machano-c^mlce^ polymer processing 

Compatibllty of "polymer blends 

Extrus ion of polymers 

Moidng^bf polymers (thermosets, thermos 
plastics, foams) 
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Anvnide flber production 

% Flow-induced cryttaJIzation Li polymers 

Prtpwitoft of polymer blends 
Other 

' Rubber compourxlng 
Recycfng of plastics 
Effect of processing on structure end 
properties 
Joining 
W^ngplastics 
Adheerves 

PROPERTIES 
Thermal ....... 

Thermal conductivity of polymeric systems 
Mechanical: Elastic, plastic, fracture, etc. 

Rubber-!! fled Impact plastics, properties 

Tensle testing of polymers 

Compressive and shear strengths of polymer 



Creep properties of pofymers 

Time-temperature superposition In polymers 
DynamlcHT>echanlcal properties of polymers 
Crazing and fracture in polymers _ 
Mechanical failure of plastics; Fatigue failure 
Fractography of polymeric solids 
Impact resistance in polymers 
Acoustic 

Sonic velocity measurement in polymers 

Acoustical insulations 
Optica! 

Light scattering from polymer solids 
Electrical: Dielectric _. 

High voltage breakdown 

Dielectric properties of polymers 

Ionic conduction In polymeric systems 

Polymer electrets 
Magnetic • * 

Reaction of macmmolecules to magnetic fields 
Chemical: Corrosion, Adhesion 
t ^y^ r a ^ n ^ 8 ^l ^ wettability • 

Pnotooxidatlve degradation of polymeric solids 

Hydroiytlc degradation of polymeric resins 
Nuclear: Radiation Effects ... 

Racfation chemistry of polymers 
BWotfcaL 

Mlcrsbtologlcal attack of polymeric solids 

Rheotogtcai 

Normal stress effect in flowing polymer melts 
Viscosity-shear rate dependence of polymer 
- melts 

Tensor description of flow in polymer fuiias 
and solids 

APPLICATIONS 
Materials Selection 

Role of plastics In energy conservation and 
management 

Msterials selection witfi plastics 
Design with Materials 
* Designing with plastics 
. Fabrication of tires 
Structural _ 

Rber-reinforced plastics 

Paymer laminates; sheet moulding compounds 

Polymer concrete 

Thermal insulation of structures with polymers 
Urethan* roam structures 
LoacM>ta ring materials based on polymers 
Electrjcal, Magnetic^ Optical 

Electrical insulation appicatiorie of polymers 

Plastic lensee 

_ CapacHor Mme •_ 

Surface: Friction, Wear. Corrosion 

Pofymarie coatinge 

Trlbology of plastics 

Friction materials based on polymers 
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Corrosion control of metals with polymeric 

_ coatings , 

High-temperature stapjlty 

Blocd^Qmpatibfaj^ 
Implantable po^mers ... . .. 

FlammabBKy of polymeric s ystsms 

CHARACTERIZATION 

NONDESTRUCTIVE EVALUATION 
Overview (Compenacri ^pf Techniques) 
PrindpJerandf AppScations of ; x 
Radiographic Examination 
X-rsy 

Neutron 

Ultrasonic Methods 
Acoustfc Emlslflbn Methods 
Dye Penetrant Methods 
Majpetlc PartWe Methods 
Eddy Current Methods 

X-ray Effraction (Residual Stress Measurement) 
jOther 

SURFACE ANALYSIS 

Overview of Thin Film Analysis Methods (Comparison) 

Principles and AppHcations of;. 0 

High Resolution Electron Microscopy 

* Scanning Transmission Electron Microscopy 
Scanning Electron Microscopy (SEM) 
Selected Area Diffraction 
Low Energy Electron Diffraction * 
Electron Mlcroprobe Analysis 
Replica Electron Microscopy '__ 
Specimen Preparation for Electron Microscopy 
Thin Fol Specimens 

Replication Methods _ % v 

Pyemic Theory, oLCpnttastJn JMscton>*icro^^ 
Kinematic Theory, of Cojitraat in Electron Microscopy 
Auger Electron Spectroscopy (AES). 
Elecfron Spectroscopy for Chemical Analysis (E$C A) 
Secondary bn Mass Spectrometry (SIMS) 
ton Scattering Spectrometry (ISS) 
Scanning Auger Microanalysis (SAM) 
Rutherford Scattering for Thin FHrri Analysis . 
Ion Sputtering (Principles and Applications) 

MICR03TRUCTURE r i 
Ught Optical Microscopy (LOM) 
Principles of Light Optics and Lenses 
Polarized Ught Microscopy (Prtndpfea and Applications) 
Specimen Preparation for Ught Optical Microscopy 
Metals V. 
Ceramics 
Polymers 

Wood 

Quantitative Metallography (Principles and AppHactions) 
- Other _ 
Electron Optics 
Principles arid AppScations of: 
X-RAY DIFFRACTION 
Small Angle Scattering 
Principles 

AppScations 

inorganic Gl asses 
_ __Organlc Polymers _ 
tf-ray Une-Slape Analysis 
Particie Size Analysis 
Crystal Strain Analysis ._ 
CHEMICAL ANALYSIS-BULK, 
Principles and Appfcations of: ^ 
X-rsy Fluorescence Spectrometry 
Thermal Analysis 
Differential Thermal Analysis 
Thermogravimetric Analysts 
Differential Scanning CaJorlmetry 
Chromatography 1 
Qas Chromatography 



Liquid Chromatography 

Get Permeation Chromatography 
Rama n Spectroscopy 
rnfra Rad Spectroscopy 

^mjcAJbtoiPtipn 

NuclawMai^teJiaaonafico 
Solid State EMF meaaurament 
Moaabauar Spactroscopy 
INSTRUMENTATION 
Principlae arid Appiicationa of: 
Radiation and ParOcin Detectors 

Elactron Spactromatani 

Maaa Spectrometers 

SoHd-Stata Detectors - 
__**sy ! Spadromatani 
Techniques of Sampling 

Physical Methods {e.g.. sample selection, sample preparation) 
Statistical Methods. 

WOOD 

Wood as a Material 
Fine Structure of Wood . 
Cellular and Supercellular 

Structure of Wood 
Wood and Moisture ' 
Physical Propertiea of Wood 
Mechanical Behavior and Properties of Wood 
Modification of Wood for End Use 
Paper 

Wood-baaed Composite Materials 



GAPS 

Crystal growth 
Catalytic materials 
Phase equilibrium 
Laser processing 
Non-crystallne materials 

Metals 

Semiconductors 

Ceramics 

_QanaraJ 

Directional composites 
Radioactive waste 
Slafone 
Adhesive rs 
Concrete^-- cement 

Polymer adcfitives 

Speciatty materials 
Electronic materials 
Magnetic Materials 
BtomatorlaJs 

Teem • 

Bone 

_ Ceramic, rnetallc, polymeric 
Coal - 

Metallc impurities 

Sulfides ' 
Use of computer for: 

Graphics 

Thermodynamic properties 
Tensor properties 
Phase diagrams 
Data acquisition 



ADDRESSES OF TOPIC AREA TEAM CHAIRMEN 



D.E. Laughiin (Chairman, Metals TAT) 
Department of Metallurgy and Materials Science 
Carnegie-Mellon University 
Pittsburgh, Pennsylvania 15213 

H. Kent Bowen (Chairman, Ceramics TAT) 
Dept. of Materials Science and Eng. 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 02139 

S r H._ Carr (Chairman, Polymers TAT) * 
Dept. of Materials Science 
: Northwestern University 
Evanston, Illinois 60201 



William C. Johnson (Chairman, Characterization TAT) 
Physical Electronic Industries 
6509 Flying Cloud Ave. ' 
Edina, Minnesota 55344 

Jerome Saerrian (Chairman, Wood TAT) 

Forest Products Lab 

P.O. Box 5130 

Madison, Wisconsin 53705 

Clifford A. Hewitt, EMMSE boordinatSr/GAPS 
Materials Research Laboratory 
The Pennsylvania State University 
University Park, L Pennsylvanial 6802 



(Please send to the appropriate TAT Chairman) 

I would like to contribute EMMSE modules on the following topics: 
TOPIC: 



AUrHOR REPLY FORM 



Instructional Level: 



TOPIC: 



Instructional Level: 



TOPIC: 



Instructional Level: 



Appropriate Topic Area: 
(circle one) 

Name l_ 

Address: 



Metals. _ 
Polymers 
Characterization 



-Title: 



Ceramics 
Wooo* 

Gaps (none of the others) 
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NATIONAL ADVISORY COMMITTEE 


Charles Wert (Chairman) 
University of Illinois at Urbana 


Kenneth A. Jackson (Chairman, Gaps TAT) 
Bell Telephone Laboratories 


Rustom Roy /Project Director) 
The Pennsylvania State University 


William C: Johnson (Chairman, Characterization TAT) 
Physical EJectrpnic Industries, Division of Perkin Elmer 


Bruce Knox (Associate Project Director) 
The Pennsylvania State University 


D. E. Laughlin (Chairman, Metals TAT) 
Carnegie-Mellon University 


Turner Alfrey, jr. 
uow onernicaj Co. v 

/ 


Edward J. Myers 

American Society of Metals } 


James P. Bosscher 
Calvin College 


Walter S. Owen 

Massachusetts institute of Technology 


H. Kent Bowen (Chairman, Ceramics TAT) , 
Massachusetts Institute of Technology 


Roger Porter 

University of Massachusetts 


S. H. Carr (Chairman, Polymers TAT) 
Northwestern University 


Jerome Saeman (Chairman, Wood TAT) 
Forest Products Lab , - .• 


Robert P. Davis 

North Carolina State University 


Lawrence H, VanVlack 
University of Michigan 


Ellis D. Verink, Jr. 
University of Florida 



EMMSfe _: ( BUtX RATE 

Materials Research Laboratory U.S. Postage Paid 

The Pennsylvania State University \ The Pennsylvania. 

University Park, PA 16802 \ State University 
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Chairman 
Organizer 

e 

Steering Committee: 

Processor Peter Pratt 
Inperial College, London 

Professor Sir Peter ■ Hirsbh 
Oxford University 

Dr* A. T. Challis 
DpE - ( England) 

- Professor Paul * Hagenmuller 
Universite de Bordeaux I 

Executive 1 Members: 

j Dr. Brian Steele 

Inperial Collge, London 

Dr. G. M. Fryer 
University of ^ieffi#ld 

Dr. Graham Weaver 
Open University 

Dr. Stig BjSrklund 
Royal Inst of Technology, 
Stockholm 

Professor A. MDcellin 
Ecole Polytechniqi: 3 
Federale de Lausanne 



Professor Rustun Roy 

The Pennsylvania State University 

Professor Geoffrey Bali 
Inperial College, London 

Dr. Alastair W. Nicol 
University of Birmingham 



Professor Mike Ashby 
Cambridge University 

Professor J. p^ Roberts 
University of Sheffield 

Professor Giuseppe Lanzavecchia 
Italian Nuclear Energy Comm. , Rome 



Dr. John .Martin 
Ojcford University 

Dri Jim Hay 

University of Birminghany 

Professor Marc Onilldn 
Universite de Bordeaux I 

Dr. Hand de Wit 
Rijksuniversiteit Utrecht, 
Netherlands 

Professor K. Tostman 
Fachhochschule , Aalen , Germany 
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APPENDIX IX 



REPORT OF THE FIRST E^E-WECe/NATO WORKSHOP 

The main meeting of the First EMMS^-WECC/NATO Workshop for the production 
of teach! rig modules Iri the field of Materials Science and Engineering took 
place In the Conference Center of the CNEN Laboratories (Comitato Nazionale 
della Energja Nucleare) by kind invitation of the Director, through the good 
offices of Professor Gtnseppe bahzaveccfii a, , dorinq the week 2l?26 September, 
'589- The Workshop was concei ved and organised by the West European 
Coordinating Committee for the Educational Modules for Materials Scienge and 
Engineering System, with finance provided by a grant from the Sp4ci 3j .Programme 
Panel for Materials Science of the Scienti fic Affai rs Division of NATO. It 
was attended by 3** teachers arid industrial scientists reoresentina 9 Eurooean 
countries and America , who functioned as members of 5 main subject groups, 
together with 11 family members. Appendix A lists the Participants. 

The charge laid upon EMM5E by its principal funding Agency, the National 
Science Foundation, is 

'•To experiment with a means for developing, indexing 
and disseminating instructional materials in Materials 
Science and Engineering." 

One of the experiments in developing instructional materials is the use of 
Workshops. The idea behind these is that a group of experts are invited to 
write modules, short instructional articles , on subjects 'clCistered 1 around 
£ common topic. They theri interchange their modules read themi arid come 
together to review the set critically and prepare them for publication in the 
Journal of Educational Modules for Materials Science and Engineering (JEMMSE), 
the publication medium for the EMMSE System. Moreover, th|s review session 
normally includes peopl e interested in the subject under discussion but not 
expert ^n jt, who can comment on the inteM iqibi ! i ty of the modules to o non- 
expert reader. The process does appear to work well and some good modules 
have been produced by this method, as the first experiment carried out by the 
Wood Products group showed. 

The ^Wbod* Workshop was devoted entirely to wood and wood products. The 
Workshop devised by EMMSE-WECC, however, has taken a different form and has, 
In many ways, been more a set of interlocking Workshops than a single unit. 
From the start it was decided that the Workshop should cover*!* range of topics 
rather than a single one so that there would be two types of person automatically 
at the meet ing > wi th the experts for one topic acting as the 'lay persons 1 for 
the others. This was a sens i bl e t format for F.urohe, since one aim of the 
Workshop activity was to mate EM*SE better known within Furbne and •socialise 1 
teachers, etc,, on this s[de of the Atlantic, an actSyitv that had already 
^PP^"^M l n •^ m ? r "' c ^* _ _"^b e multi-topic format allowed us to contact a broader > 
spectrum of peopl e than a- single topic meetinn could have done. 

The Workshop was experimental, and^.it was decided that it should be held 
In two parts, with a Preliminary Meeting in the spring of the yenr, at which 
to Identify subject clusters with the thosen topic areas and to a*?qn modules 
to authors* and the main Meeting later in the summer at whi thp odules w>uld 
be reviewed and prepared for publication. The Preliminary M cct<no was held -at 
Br tmfngftom tint vers i tv at the end of March, and Its report is ir luded as 
Appendix B. Some 30 modules were identified and assioned tentatively to 
authors, In five main topic areas, and from these some 25 modules were offered 
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>r Frascat?* as listed In Appendix C. In the events four 
>e completed* for thermal h Workshop* the second titles From 
those from Wi 11 lims^ahd jdorn, 1 eavl ng 21 modules to be 
lly jt had been hoped that these could Be available before 
rkshop so that peqple could have read them before arriving 
e time between the two meet I ngs was top short to allow this, 
ants 'had their f irst sight of the modules at the start of 

In the HbteK Flora on Sunday, 21 September, after the math 
at Leonardo da Vinci airnort by Mrs Petruzzi and her helpers 
ht to Frascati In a special bus. This helpfulness and 
need was typical of all t.He CNEN personnel throughout the/ 
hank them enough for maki no my task as oroaniser so easy, 
inner on the Tuesday evening was provided by CNFN, as part 
ing Us feel really welcome. ^ 

e Conference were days of hard work. The topic qtouds met 
der the technical contents of each module, and each ome was 
ne tooth comb! Although we had to leave CNEN at 5pm each v 
top then, but was simply trans ferrec^"tc the Hotel and groups 
les until midnight- or after* with lively and stimulating 
sral Dattern tkif t developed was that each group considered 
separately, then presented one or more to the meeting in 
sreby opening ub the discuss i^on to other interested parties 
r and some very valuable discussions arose from these 

result has been that all the modules will be rewritten to e 
ir extent and it has been decided that separate authors 
•ready copy for direct transmission to JEMHSE, through the 
s Oroaniser. The groups plan to have final copy ready by 

n 1Q81 f 

also charged w?|h the task of planning for future-work, 
:ask very seriously. All wish to continue the exercise 
id, the Cement and Concrete group planning a set of modules 
• the American Ceramic Society Congress in May, 1981, for 

the whole party came together on the Friday morni ng to 
on, and to hear of separate grouD plans , and it was very 
he enthusiasm with which everyone looked to the future. 

commented on how unique the meeting was , with so many 
it Furopean countries together to discuss education, and 
he idea that such activity could Form the basis of some 
of educational ists. \t fs orob5ble that a Newsletter to 
erials Repayments throughout Europe wilt be the first 
rkshop. jh addition, there was a lot of interest in the 
rkshoo as a forum for the interchange of ideas on teaching 

PjBrkl und led a very interesting discuss ion on this 1. 
sday; as well as demonstrating the computer-ba-sed PLATO 
ter truly herculean efforts to obtain the reoiii red terminal 
ry connections to the main computer in Brussels. A 
considering methods of teachings and comparing and contrasting 

countries and Universities was proposed and may occur in 
hly appeared much support for it. 

took the opportuni ty to meet, on the WEdhesday, and it was 
Die want this type of '-tiyity to continue and to spread. 

formats for Workshops, and the ideas that have been proposed 
re welcomed wholeheartedly. Particular note was taken of 
fksbops should be organised in association with other 
t NATO-sponsored Meetings midht.be a' g£od source of modules, 
tyres should prove very cost-effective, since the major 
iferences is that of travel* and It would cost little more 

ERLC " " 
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to have people stay to assess modules based on the topics covered In the mgjn 
Meeting, and the Resulting co-publ icatlon I n JEMMSE could prove beneficial to 
tlie main publication, by providing additional publ ici ty for the work. Every 
effort wl 1 1 be made to organise such cooperative events. ^The meeting was 
also delighted to learn that Professor Karl Tostmanni of the Fachhbchschul^* 
Aalen, Is willing to Join the Comjril ttee as representative from Germany, a 
major omission that has been a source of concern for some time. Lastly, * 
Professor VI ana Invited the Committee to bo^d Its next meeting In Lisbon In __ fi 
April j and his kind offer was gratefully received, subject* to availability of 
travel funds. c 

How, then* can one summarise the Workshop. Firstly* It was an experiment 
and as such it very largely succeeded. The aims were twofold, in the mafn, 
to make people aware of EMMSE and to provide a forum in which persons could 
discuss the teaching of materials science and engineering and produce modules 
for lhc[usibri in the EMMSE System. ft did make peonle aware, and many more 
tfian were abl^ to attend the meeting, it did provide a forum in which 
'D* e r®? tfe d Peool e COQ |d discuss didacticism and pedagogy and compare and 
constrast teaching methods, and deffne what needs to be provided for the 
effective teaching of a group of discipl ines within the overall field* and 
participants were will inq and eager to take advantage of this. There Were,* 
of course, s*ome things wrong, mainly that the modules should have-been available 
for reading well in advance of the meetihd* that the time given for writing the 
modules and the time of year were not ideal* and parallel sessions always 
generate conflicts:. This last was inevitable, given the five groups and the 
limited time available for assessment, reading, and discussion, but it was also 
generally felt that something important would have been lost if the Workshop 
had been devoted to only one subject. The cross- topic Interactions gave an 
Imoortant^i nput to the overall assessment and review procedures. We hoo& that 
we have learned some of the lessons of the week and that we shall be in a better 
position to organise the next event . As far asoutout is concerned, the 
tangible product is a pile of 21 modules which wi 1 1 soon be ready for JEMMSE. 
The intangible, but equally important* product is the spirit that was engendered 
by the participants in the Workshops* the friendships made, and the possibilities 
for cooperation that have been provided. v 

I think that, for me, the Workshop was summed up by the groups sitting round 
the tables in the garden of the Hotel Flora, the tables cpvered with beer galsses 
and papers, animatedly discussing modules well into the evening* and even until 
mfdni ght , as I mentioned earl ierv- There was a huge amount of work done and 
everyone seemed to enjoy doing the work. It was one of the happiest and * 
f Meridl i est Workshops I have attended, and EMMSE-WEEG is most grateful to NATS, ~ 
and particularly to the Special Programme Panel, for the financial aid that made 
it all possible. 



Alastai.r W Nicol 
2 October, 1 980 
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Appfenttix^A 

EMMSE-WECC WORKSHOP 
Frascati, Italy 21— 26 September 1 980 



; P ART I C I P A N f S i 

/ ■ 

Professor G. Ball .. j Imperial College, London U.K. 

Professor J. S. t. teach Nottingham University U.K.' 

Professor P. Pratt Imperial Col lege, London O.K. , 

Dr. G.* Weaver Open University, Mil'ton Keynes U.K. . 

Professor H. F. W. Taylor Aberdeen Uhi vers ity U.K. 

Dr. A. W. Nicol Birmingham University U.K. 

Dr. B. Steele Imperial College, London U.K. 

Dr. P'. Day Oxford University U.K. 

Dr. J. Briggs " Morgan i te "Refractories , ■ m . 

Cheshire \ " U.K. 

Dr. K. Pascoe Cambridge Universe ty U.K. 

Dr. A. Demaid Open University* Hilton Keynes U.K. 

Dr. P. Lewis Open University, Milton Keynes U.K. 

Professor E. Verink University of Florida U,S.A. 

Professor Del la <Roy Pennsylvania State University U.S.A. 

Professor J. G. Young University of Illinois U.S.A. 

Dr. Michel ine Regourd # CERILH, Paris > FRANCE 

Professor M; On i 1 Ion Universi te de Bordeaux 1 FRANCE 

f>^f£|sdr W. Schultze Technische Hogeschool , Delft NETHERLANDS 

Dr. Hans de Wit - Universiteit Utrecht NETHERLANDS 

Professor W. L. Stuijts NV Philips Eindhoven NETHERLANDS 

Professor R. Metselaar Eindhoven University of Technology NETHERLANDS 

Professor C. A. N. Vianc University of Lisboa, Lisbon PORTUGAL 

Dr. Stig Bjorklund Royal Institute of Technology SWEDEN 

Dr. Hans Arup Korros ioriscentralen ATV, 

Copenhagen DENMARK 
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Dr. Gunnar Idorn 


Consultant, Naerum 


DENMARK 


Professor K-H Tostmann 


Fachhochschu * 9 Aa 1 en 


GERMANY 


Professor H. Hilsdorf 


Un I vers I tat Karlsruhe 


GERMANY 


Professor K-H Schuller 


Rosenthal AG, Selb 


GERMANY 


Professor H. Hausner 


technlsche Unlversitat, Berlin 


GERMANY 


Professor A. Rabenau 


Max-Planck- inst i tut » Stuttgart 


GERMANY 


Professor A; Mbcelliri 


- . - - * 
Ecdle Pblytechriique* Laysanne 


SWITZERLAND 


Professor F. Massazza 


S talcement I , Bergamo 


ITALY / 


'Professor M. Cotlepardi 


Unlvers! ty - of Ancona 


ITALY 


Professor G. Lanavecchia 


/ 

CNENi Rome . 


ITALY 




. FAMILY MEMBERS 




Mrs. G. Ball 


Imperial College, London 


U.K. 


Mrs- J. S. L. Leach 


Nottingham University £ - 


- U.K. 


Mrs. P. Pratt 


Imperial Col lege, London 


U.K. 


Mrs. E. Vernink 


University of Florida 


U.S.A. 


nrs. u. weaver 


Anon Hn loorc i + \i - M? 1 tnn K^vnpc 
U pc n un i vcr 9 i ^ / • ' • * i tun i^c y nca 


U.K. 


Mvw. W. Schultze 


technlsche Hogeschobl , Delft 


NETHERLANDS 
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